effects ' . (p. 61) . In addition, according to the International Labour Organization (2016, pp. 12-13) , in 2015 the average real wage rates in Ireland, Italy, Greece and Spain were still below the levels of 2007 (in Greece real wages have dropped by approximately 25% since that year).
On the other hand, however, there were no processes of significant internal revaluations in the creditor Eurozone economies: 'Thus, one can conclude that at the insistence of the creditor nations, the burden of the adjustments to the imbalances in the Eurozone has been borne almost exclusively by the debtor countries in the periphery. This has created a deflationary bias that explains why the Eurozone has been pulled into a double-dip recession in 2012-2013, and why real GDP has stagnated since 2008, in contrast to what has happened in the non-Euro EU countries and in the USA' . (De Grauwe and Ji 2016, p. 62) . Moreover, empirical evidence suggests that, especially in Portugal, Greece and Spain, the possible rebalancing-price competitiveness effects of that 'internal devaluation strategy' were also negatively affected by: (1) the increases in profit margins and indirect taxes; and (2) the nominal appreciation of the euro from the second quarter of 2012 to the second quarter of 2014. Thus, it has been argued that the observed 'improvement in external balances is mainly explained by the collapse of imports in these countries, and this is a consequence of low relative demand and not of the (weak) improvement in competitiveness' . (Uxó et al. 2014 , p. 1; also, see Myant et al. 2016; Bilbao-Ubillos and Fernández-Sainz 2018) .
At the end of 2014, the Eurozone inflation rate turned negative, while the subsequent announcement of the European Central Bank' asset purchase program (on 22 January 2015), the so-called Quantitative Easing Program of 1 trillion euros, led to considerable depreciations of the euro against major international currencies. In fact, 'between early May 2014 and end-May 2015, the euro depreciated by 23% vis-à-vis the US dollar and by 12% in nominal effective terms (against a basket of currencies of 38 major trading partners of the euro area)' . (European Central Bank 2015, p. 11) . According to estimates by the European Commission (2015): 'On average, a 5% depreciation of the euro's NEER 1 increases import prices by some 4% after 1 year, with most of the impact occurring in just one quarter. By contrast, it takes around three quarters until changes in import prices are passed on to consumer prices and the response is generally small, as final goods prices incorporate substantial shares of domestically produced inputs (retail, transport, marketing costs). Yet, the extent of the response of consumer prices differs slightly across Member States, partly because of different consumption patterns (a high proportion of services in some countries, a high proportion of energy in others). On average, a 5% depreciation of the euro's NEER leads to an increase in euro area consumer prices of about 0.3% after 1 year. However, as commodities are largely priced in US dollars and the dollar has appreciated strongly, the impact of recent exchange rate changes on prices may be larger than suggested by these estimates. Export prices in the euro area appear to be less responsive to permanent changes in the NEER than import prices. A 5% depreciation of the euro's NEER lowers export prices in foreign currencies by about 2% after 1 year. The limited pass-through of exchange rate changes to (foreign currency) export prices may be partly explained by offsetting effects from higher imported intermediate input costs and partly by mark-up adjustments. All these facts and figures suggest that both medium-and long-run effects of wage and/or exchange rate changes on prices, income distribution and growth should be taken into consideration before the implementation of demand-switching policy measures. Thus, the purpose of the present paper is to provide empirical estimations of the said price and income distribution effects by focusing exclusively on the input-output configurations of Greece and Italy, i.e. two South Eurozone economies that are characterized, however, by different levels and structures of production 2 and, at the same time,
have experienced significantly different rates of wage devaluation. For this purpose, we use:
1. Input-output data from the Symmetric Input-Output Tables (SIOTs) for the 'preadjustment' year of 2010. At the time of this research (September 2016), SΙΟΤs were available for the years 2005 through 2010. 2. Input-output price models involving only circulating capital and competitive imports. These models are related to those introduced by Solow (1959), Metcalfe and Steedman (1981) and Katsinos and Mariolis (2012) ; nevertheless, their particular structures are imposed not only by the purpose (and underlying assumptions) of this paper but also by the available SIOTs, which provide no data on fixed capital stocks and non-competitive imports.
The remainder of the paper is structured as follows. Section 2 outlines the analytic framework. Section 3 presents and evaluates the main empirical results. Finally, Sect. 4 concludes.
Method

Basic assumptions and price equation
Consider an open, linear economy involving only single products, 'basic' commodities (in the sense of Sraffa 1960, pp. 7-8) , circulating capital and competitive imports. Assume that:
1. At least one commodity enters directly into its own production. 2. The economy is 'viable'; namely, the Perron-Frobenius (P-F hereafter) eigenvalue of the 'irreducible and primitive' matrix of total input-output coefficients is less than 1.
3. Production imports are paid at the beginning of the common production period. Wages are paid at the end of the common production period, and there are no savings out of this income. 3 4. The input-output coefficients, output levels, nominal profit rates, sectoral net tax rates on gross output ('taxes less subsidies on products') and foreign currency prices of the imported commodities are all exogenously given and constant.
Based on these assumptions, we can write 4 where p T (> 0 T ) denotes the 1 × n stationary price vector of domestically produced commodities, E(= 1) the single nominal exchange rate, and p * T the 1 × n vector of foreign currency prices of the imported commodities,
denote the n × n domestic and imported direct input (or Leontief ) coefficients matrices, respectively, T ≡ [τ j ] the n × n diagonal matrix of net tax rates, I the n × n identity matrix, r ( r j ≥ −1 and r � = 0 ) the n × n diagonal matrix of the sectoral profit rates, w T (w j > 0 ) the 1 × n vector of money wage rates, and L ( L j > 0 ) the n × n diagonal matrix of direct labour coefficients.
Wage devaluation
Equation (1) where p T 0 = p T , w ′ T ≡ (1 − w)w T and w denotes the uniform devaluation rate, 0 < w < 1 . The solution of Eq. (3) is From Eqs. (1) and (3), it follows that the initial value of the actual average profit rate is given by where A ≡ D + M +T and x ( > 0 ) denotes the n × 1 vector of the actual gross outputs. The per period average inflation rate is defined as
and therefore, the per period average real profit rate could be estimated by (see e.g. Lager 2001) Finally, the international price competitiveness of the economy could be estimated by the following 'real exchange rate' index:
where Ex(≥ 0 ) denotes the n × 1 vector of actual exports.
From Eqs. (3), (4), (6) and (7), it follows that: , known as the 'smallest damping ratio' , can be considered as a lower measure of the intrinsic resilience of p T t+1 to disturbance (see e.g. Keyfitz and Caswell 2005, pp. 165-175) . 2. The price-movement is governed by w TL F t , which could be conceived of as the series of 'dated quantities' of labour needed for the production of the domestic commodities (see Sraffa 1960, pp. 34-35; Kurz and Salvadori 1995, p. 175) , since It then follows that the prices of 'labour-intensive' commodities tend to, but not necessarily, decrease more than the prices of 'capital-intensive' commodities. In the extreme (and unrealistic) case where F has rank 1 and, therefore, Fk = 0 for all k , i.e. the damping ratio becomes infinite, Eq. (8) implies that, for t ≥ 1 , the difference vector p T t+1 − p T t becomes collinear to the left P-F eigenvector of F. 3. The average real profit rate first increases and then decreases, tending to r 0 , since p T t+1 < p T t and π t tends to 0. 4. The international competitiveness increases and tends to (p T ∞ Ex) −1 , since E t = E.
Currency devaluation under complete wage indexation
Let B , B * be the exogenously given and constant semi-positive n × n matrices of domestic and imported wage commodities per unit of labour employed, respectively. Then, and therefore, Eq. (1) can be rewritten as where G ≡ F + BL and h T ≡ m T + p * T B * L . From Eqs. (2) and (9), it directly follows that F1 < G1 < 1 , since F ≤ G and p T > 0 T .
In order to estimate the price effect of currency devaluation, we use the following dynamic version of system (9): where p T 0 = p T , E ′ ≡ (1 + ε)E and ε(> 0) denotes the devaluation rate. The solution of Eq. (10) is From Eqs. (6), (7), (10) and (11), it follows that:
Analogously to the case of the wage devaluation, the price adjustment process depends on the magnitudes of G1 and G1 | Gk | −1 . 2. The price-movement is governed by h T G t , which could be conceived of as the series of dated quantities of imported inputs needed for the production of the domestic commodities, since
It then follows that the prices of 'imported input-intensive' commodities tend to, but not necessarily, increase more than the prices of 'domestic input-intensive' commodities. 3. The average real profit rate first decreases and then increases, tending to r 0 , since p T t < p T t+1 and π t tends to 0. 4. The international competitiveness first increases and then decreases, returning to its initial value, since p T ∞ = (1 + ε)p T 0 .
Long-run trade-offs
Now, we assume that the distributive variables ( w j or/and r j ) exhibit stable structures in relative terms. Thus, Eq. (2) can be written as or, since F1 < 1, where w denotes the economy's actual average wage rate, defined as w ≡ (w TL x)(e TL x) −1 , and w the 'overall level' of wage rates. Furthermore, it is convenient (although not essential) to adopt the actual normalized export vector as the standard of value or numeraire, writing Thus, Eqs. (13) and (14) imply which defines the linear trade-off between 'the' wage rate and the exchange rate, measured in terms of the normalized export vector z . It is noted that (1) commodity prices
are linear functions of Ẽ ; and (2) the straight line defined by Eq. (15) passes through the point: ( Ẽ = E = 1 , w =w ), at which p T = p T 0 . Equation (2) can also be written as
0r )] and r denotes the overall level of profit rates. Each element in [I −F(r)] −1 is positive and a strictly increasing convex function of r , tending to plus infinity as F (r)1 approaches 1 from below (see e.g. Kurz and Salvadori 1995, p. 116) . Thus, Eqs. (14) and (16) imply which defines the trade-off between the exchange rate and 'the' profit rate. It is noted that (1) commodity prices are not necessarily monotonic functions of r ; and (2) the curve defined by Eq. (17) passes through the point: ( r =r 0 , Ẽ = E = 1 ), at which p T = p T 0 . It will now be clear that, for Ẽ = E = 1 , there is also a trade-off between the wage rate and the profit rate, defined by
The curve defined by Eq. (18) passes through the point: ( r =r 0 ,w =w ), at which p T = p T 0 . These three trade-offs yield the loci of all feasible long-run income (re)distributions. Hence, taking also into account Eqs. (13) and (16), it follows that:
1. In terms of control system theory, the reciprocal of the functions defined by Eqs. (15), (17) and (18) constitutes 'transfer functions' of the dynamic systems defined by Eqs. (3) and (10) […] may have particularly important implications for the growth rate and long-nm competitive strength of an economy, to the extent that these factors are influenced by the rate of return on invested capital. In a 'post-Keynesian' world, where firms can maintain a given rate of profits, the full incidence of an effective devaluation must fall on the real wage rate. Of course, if firms can maintain the profits rate and workers are unwilling to concede any reduction in real wages then, in this impasse, an effective change in the exchange rate is logically impossible (for given
The only consequence of a money devaluation, in this situation, will be an equal proportionate increase in the money wage and in all money prices of domestically produced commodities […] . The literature which explicitly links devaluation to vari-
ations in the real wage clearly allows for only one of several possibilities' . (pp. 7-8; using our symbols). 3. An effective currency devaluation improves the competitiveness of domestic output, since it cheapens all domestic products relative to all imported commodities. 4. Technical progress (i.e. a decrease in any of the elements of D , M , L ), or a decrease in any foreign import price or net tax rate, necessarily implies that the trade-off curves move outwards from the origin. Hence, the areas under those curves can be conceived of as measures of the economy's overall performance (see Degasperi and Fredholm 2010) .
It should finally be stressed that Metcalfe and Steedman (1981) also provided an explicit integration of the price and quantity sides of the economic system. 5 Thus, they were able to show that: 'For given prices and distribution, our analysis of the exportemployment multiplier is an entirely traditional (but disaggregated) application of the theory of effective demand. Extra exports produce extra employment in the aggregate. However, it is equally clear that any change in prices or distribution will, in general, change the linkage between employment and the export vector. The hitherto available empirical studies of the matrix multipliers of autonomous demand 7 (government consumption expenditures, investments and exports) do not take into account neither the underlying income distribution changes nor the possible underutilization of productive capacity (which may result in a non-inverse relationship between the distributive variables 8 ). Hence, the estimation of the total multiplier effects for actual economies is a pending issue.
Results and discussion
The application of our analytic framework to the SIOTs of the Greek and Italian economies, for the year 2010 (n = 63), gives the following main results
:
5 For a relevant, but less general, approach, see Krugman and Taylor (1978) . 6 The aforementioned ceteris paribus statements (2)- (4), as well as the statement that, for given prices and distribution, extra exports produce extra employment in the aggregate, do not necessarily hold true in the case of pure joint production (Steedman 1985; Mariolis 2008) . Hence, in that-more realistic-case, there is a further source of ambiguity in the consequences of effective devaluations. 7 See Soklis (2015, 2018) , Mariolis et al. (2018b) and Ntemiroglou (2016) . 8 See Bhaduri and Marglin (1990) and Kurz (1990) . For more recent, and more general, formulations, see Blecker (2011) and Ribeiro et al. (2017) . 9 For the available input-output data as well as the construction of the relevant variables, see ' Appendix 1' . The analytical results are available on request from the authors. (12)], in the three main sectors of the economies, that is, primary production, industry and services. Furthermore, Tables 3 and 4 report the sectoral compositions of imports and exports. It is noted that the Euclidean angle (measured in degrees) between the total import vectors of the two economies is almost 34.1°, while the relevant figure for the total export vectors is almost 75.6°: these figures further indicate the differences between the import-export structures of the two economies under consideration. 2. In a recent empirical study, Aydoğuş et al. (2018) introduce the following cost-push input-output price model (using our symbols): •1 , of the system matrices, • ≡ F, G . These figures also report the relevant convergence rates, damping ratios and the arithmetic, and Holvoet (1978) : the application to a group of 'European Community-countries' (Belgium, France, Germany, Italy, Netherlands, and UK), for the year 1970, gave that, under no (under complete) wage indexation, a 1% devaluation increases the CPI by approximately 0.50% (0.67%) in all these countries (pp. 75-76). According to those authors, 'the results of the model give no indication of the speed with which the price transmission operates. It could be that the time it takes for the price effects to be fully realised is 3 months, 6 months, a year or more' . (p. 77).
AM , and geometric, GM , means of the nonzero non-dominant eigenvalues (as is well known, the GM is more appropriate for detecting the central tendency of an exponential set of numbers). 4. Table 5 reports the estimations of the initial values of the actual average profit rates, r 0 [see Eq. (5)], of the two economies, and their constituent components, i.e. the shares of profits and net taxes (on products) in the net product, the average wage rate, w , the aggregate labour and capital productivities, and the aggregate capital intensity.
These figures suggest that the considerable deviation between the values of r 0 in the two economies is directly related to the deviation between the values of the aggregate capital productivities. It should also be noted that, with the exception of six productindustries, the elements of the vector of 'vertically integrated' labour coefficients, defined as e TL [I − (D + M)] −1 , are greater in the Greek than in the Italian economy; in fact, the 'mean absolute deviation' between these vectors is almost 74.4%. By contrast, the P-F eigenvalues of the matrices D , M and D + M are greater in the Italian than in the Fig. 1 The moduli of the normalized eigenvalues of the system matrices; Greece Fig. 2 The moduli of the normalized eigenvalues of the system matrices; Italy Greek economy; in the case of the Italian economy, these eigenvalues are approximately equal to 0.455, 0.343 and 0.607, respectively, while in the case of the Greek economy, they are approximately equal to 0.380, 0.196 and 0.500, respectively.
12 All these figures are in accordance with those on aggregate labour and capital productivities. Furthermore, Tables 6 and 7 report the estimations of the evolution of the average inflation rate, π t , the consumer price index (CPI) and the 'relative' average real profit rate, i.e. ρ tr −1 0 [see Eq. (6)], t = 1, . . . , 4 , for the representative cases where w = 20% or 30% and e = 30% or 50%. Tables 8 and 9 report the estimations of the evolution of the international competitiveness of the economies, expressed as q t q −1 0 [see Eq. (7)], t = 1, . . . , 3 , for the cases where the devaluation rates are in the range of 20-50%. 6. Tables 10 and 11 report the long-run effects of the two devaluations on the initial (actual) values of the distributive variables ( w =w , r =r 0 ; see Table 5 ). More specifically, in Table 10 , the values for the profit rate are estimated by Eq. (18), for w = 20% or 30%, while, in Table 11 , the values of the wage and profit rates are estimated by Eqs. (15) and (17), respectively, for e = 30% or 50% (as in Tables 6 and 7) . Finally, Table 12 reports the areas under the w −Ẽ , Ẽ −r and w −r curves.
14 From these results, it is deduced that:
1. In general lines, the shares of dated quantities of labour and, in particular, of imported inputs in the cost of outputs tend to be greater in the Greek than in the Italian economy.
More specifically, in the case of the Greek economy, services is the most labour and export-intensive sector and, at the same time, the less imported input-intensive one, 12 As is well known, the inverse of the vertically integrated labour coefficients can be considered as measures of the sectoral productivities of labour, while
can be considered as measures of the aggregate capital productivities. For a recent empirical study of the European Union economies, see Tarancón et al. (2018) . 13 Large one-off wage devaluations (in excess of, say, 30%) can result in strong socio-political tensions and, therefore, are not necessarily feasible. On the other hand, it has been estimated that, in the period 2010-2012, only a large currency devaluation, i.e. in excess of 57-60%, could contribute to the recovery of the Greek economy (Mariolis 2013 ). 14 The graphs in ' Appendix 2' depict these curves. Experiments show that the overall picture does not change significantly when the actual gross output vector (or, alternatively, the actual net output vector) is used as the numeraire.
whereas industry is the most imported input and (total) import-intensive sector. Finally, the relatively high indirect dependencies of the primary production sector on both labour and imported inputs, as well as the relatively high direct dependence of industry on labour inputs, are also noticeable (see Tables 1 and 3 ). Thus, it can be concluded that the international competitiveness effects of wage devaluation tend to be more (less) favourable for the service (for the primary production) sector, while those of currency devaluation tend to be more (less) favourable for the service (for the industry) sector.
In the case of the Italian economy, services is the most labour-intensive sector and, at the same time, the less imported input-intensive one, whereas industry is the most imported input-, import-and export-intensive sector and, at the same time, the less labour-intensive Table 7 The evolution of the average inflation rate, CPI and average real profit rate (%); Italy
Wage devaluation Currency devaluation one. Finally, the high dependencies of the primary production sector on both direct labour and indirect imported inputs are also noticeable (see Tables 2 and 4) . Thus, it can be concluded that the international competitiveness effects of wage devaluation tend to be more Table 10 The long-run effect of wage devaluation on the profit rate; Greece and Italy
The figures in parentheses give the arc elasticities of the profit rate with respect to the wage rate (less) favourable for the service (for the industry) sector, while those of currency devaluation tend to be more (less) favourable for the service (for the industry) sector.
2. Regarding the Greek economy and the case of currency devaluation, our aforementioned findings do not differ much from those reported by Katsinos and Mariolis (2012) , which are based on the input-output table data for the year 2005 and on different model assumptions. This probably suggests that the structural features of the Greek economy have been shaped well before the emergence of the so-called PIIGS crisis (in this vein, see Mariolis et al. 2018a ). Our findings also seem to be compatible with those of empirical studies on the matrix multipliers of autonomous demand for the Greek economy, which conclude that: 15 a. The industry sector is heavily dependent on imports and, therefore, diverges considerably from the industry sector in the Eurozone economy. b. The highly import-dependent industries tend to be characterized by low output and employment multipliers and, at the same time, by high import multipliers. c.
A well-targeted effective demand management policy could be mainly based on the service sector, and is necessary but not sufficient for resetting the economy on viable paths of recovery. Hence, industrial policy and structural transformation are also needed.
3 In both economies, the convergence rate of the wage devaluation process is considerably greater than that of the currency devaluation process, while the damping ratios of the wage devaluation process tend to be less than those of the currency devaluation process (see Figs. 1, 2) . 16 These facts are reflected in the evolutions of the average inflation and real profit rates (see Tables 6, 7 ) and of the international competitiveness of the two economies (see Tables 8, 9 ). In particular, considering that, as already mentioned, large wage devaluations may not be feasible, the findings suggest, for instance, that a wage devaluation of 30% cannot increase competitiveness by more than 15% (that is, 13.2% in the case of the Greek economy, and 14.5% in the case of the Italian economy). On the other hand, 2 years after a currency devaluation of 50%, competitiveness could remain at least 21% higher than its initial level (that is, 21.4% in the case of the Greek economy, and 25.8% in the case of the Italian economy).
In conclusion, our price pass-through estimations seem not to be in contradiction with the findings reported in some other studies on currency and wage devaluations (using either similar or different frameworks).
17 For instance, as Salvatore (2013) 16 It is a key stylized fact in many empirical studies of single-product economies that, across countries and over time, the moduli of the first non-dominant normalized eigenvalues of the price system matrices fall markedly, whereas the rest constellate in much lower values forming a 'long tail' (see Mariolis and Tsoulfidis 2016, chaps. 5-6; . 17 See, e.g. Angelini et al. (2015) , Bahmani-Oskooee et al. (2008) , Brancaccio and Garbellini (2015) , Burstein et al. (2005) , Donayre and Panovska (2016) and Uxó et al. (2014) .
less than one-third of the rate of depreciation of their currencies. In other words, about one-third of the price advantage that these nations received from currency depreciation was wiped out by the resulting [accumulated] inflation. In Indonesia, the rate was 72.5% (49.0/67.6). In Latin America, it was about 20% for Brazil and 46% for Chile. In Mexico, the rate of inflation was almost double the rate of depreciation of its currency' . [p. 513; also, consider the relevant empirical evidence provided by Borensztein and De Gregorio (1999) and Frankel et al. (2012) ].
4. Both effective wage and currency devaluations imply significant effects on income distribution in the long-run, while the wage rate is more sensitive than the profit rate to currency devaluation (see Tables 10, 11 ). Finally, the findings suggest a rather mixed picture of the economies' comparative long-run performance with respect to the two types of devaluations (see Table 12 ). This probably results from the fact that the Greek economy tends to be characterized by higher levels of sectoral capital productivities, whereas the Italian economy tends to be characterized by higher levels of sectoral labour productivities and shares of foreign content in final demand (or, equivalently, total backward leakages).
directly obtained from the SIOT). The diagonal matrix of net tax rates, T , is obtained in a similar way. 3. The element 'Wage and salaries' from the SIOT, which is an element of the 'Value added at basic prices' of each industry, is considered as the empirical counterpart of total wages in industry j, W j . Thus, the money wage rate for each industry is estimated as w j = W j (L j x j ) −1 , where x j denotes the gross output of the j th industry. Numeraire: the normalized export vector of the Italian economy Fig. 6 The difference between the denominator components of the wage-profit rates trade-off as a function of the profit rate; Greek and Italian economies
